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ABSTRACT 
 
Glauconite (K,Na) (Fe,Al,Mg)2 (Si,Al)4 O10 (OH)2 is a green, potassium and iron hydrated 
phyllosilicate, monoclinic mineral. It is a secondary mineral formed from the alteration of iron-rich 
micas, such as biotite. It is a potential source of potassium, but still not commercialized due to lack 
of commercial technology that makes the business viable. The objective of this work was to 
evaluate the reactivity, in relation to the release of potassium, from a glauconite-containing rock, 
subjected to thermal alteration, with additives, at two temperatures: 800°C &900°C. The source of 
glauconite was the Verdete that occurs in Serra da Saudade, in the region of the municipality of 
Cedro de Abaeté, state of Minas Gerais, Brazil. The following additives were used:CaSO4.2H2O, 
CaCO3 and Na2SO4,at the mass ratio with respect to the rock: (1.0: 0.2: 0.3: 0.2). Thermal alteration 
was performed at 800°C&900°C. After thermal alteration, the calcined samples were leached with 
20% sulfuric acid (m/m). The final product was a solution containing K2SO4. At the temperature of 
800°C, the potassium released reached only 11.2%. Increasing the temperature to 900°C, the 
extraction incresed to 40%. There was a tendency for increased potassium release at temperatures 
higher than 900°C. These findings highlight gave the potential forglauconite to be exploited as an 
alternative source of potassium for the production of fertilizer, by thermal processing with sulfating 
compounds. 
Keywords: fertilizer, glauconite, potassium, thermal processing. 
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RESUMO 
 
Glauconite (K, Na) (Fe, Al, Mg)2 (Si, Al) 4O10 (OH)2 é um filossilicato verde, potássio e 
hidratado, mineral monoclínico. É um mineral secundário formado pela alteração de micas ricas em 
ferro, como a biotita. É uma fonte potencial de potássio, mas ainda não comercializada devido à 
falta de tecnologia comercial que viabilize o negócio. O objetivo deste trabalho foi avaliar a 
reatividade, em relação à liberação de potássio, de uma rocha contendo glauconita, submetida a 
alteração térmica, com aditivos, a duas temperaturas: 800 ° C e 900 ° C. A fonte de glauconita foi a 
Verdete, que ocorre na Serra da Saudade, na região do município de Cedro de Abaeté, estado de 
Minas Gerais, Brasil. Foram utilizados os seguintes aditivos: CaSO4.2H2O, CaCO3 e Na2SO4, na 
relação de massa em relação à rocha: (1,0: 0,2: 0,3: 0,2). A alteração térmica foi realizada a 800 ° C 
e 900 ° C. Após alteração térmica, as amostras calcinadas foram lixiviadas com ácido sulfúrico a 
20% (m / m). O produto final foi uma solução contendo K2SO4. À temperatura de 800 ° C, o 
potássio liberado atingiu apenas 11,2%. Aumentando a temperatura para 900 ° C, a extração 
aumentou para 40%. Houve uma tendência ao aumento da liberação de potássio a temperaturas 
superiores a 900 ° C. Estes resultados evidenciaram o potencial de exploração de gluconita como 
fonte alternativa de potássio para a produção de fertilizantes, por processamento térmico com 
compostos sulfatantes. 
 
Palavras-chave: fertilizante, glauconita, potássio, processamento térmico. 
 
1 INTRODUCTION  
The mineral extraction processes generate many tailings containing agrominerals (vital 
nutrients and fertilizers) which are discarded as tailings from the processing (Françaet al., 2010). 
Alternative sources of potassium such as micas and feldspar are found among them.Glauconite is a 
mica found among these minerals. In addition to the availability in several tailings, there are many 
mineral resources of this mineral that can be exploited as an alternative source of potassium, for 
being used as a fertilizer or for other application (Aguiar et al, 2012; Oliveira et al, 2013; Candia 
and Girardi, 1979; Lobato, 2009; Olarewaju et al, 2015; Taner et al, 1986; Moore andCzamanske, 
1973; Parak, 1975; RosièreandChemale Jr, 2000). In the region of Cedar do Abaeté, state of Minas 
Gerais, Brazil, an emerald mining region, there are large rock resources containing glauconite 
(Verdete ore), an important source of potassium that can be exploited. 
Potassium slow-release fertilizers use phyllosilicates, particularly as a source of potassium 
because of its slow mobility in water and in dilute acids or weak organic acids. In order to increase 
thekinetics of potassium release, several studies have been published (Tokunaga, 1991; Vallareli, 
1993; Orioli Jr andCoutinho, 2009; Mangrich et al, 2001). Results obtained in these studies indicate 
that glauconite-containing rocks may constitute alternative sources of K for agricultural use 
(Coelho, 2005; Lopes et al. 1972; Faquin, 1982; Leite& Lopes, 1985).   
One way to increase the availability of potassium is to promote the modification in the 
mineral structure by thermal processing (Tanner, 1994). Teixeira et al. (2015) investigated the 
release of potassium from phonolitic rocks in Poços de Caldas - MG - Brazil by thermal processing 
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at temperatures between 300°C and 1200°C. They observed that through this thermal processing, it 
was possible to identify the occurrence of two events that promote an increase in the availability of 
potassium. These events are related to the modifications in the mineralogical composition of the 
rock and, at 1200°C, with the formation of a totally vitreous material. In addition, it has been 
observed that changes in potassium availability are mainly related to changes in the structure of the 
mineral. Mazumder et al. (1993) investigated the dissolution of potassium in distilled water after 
thermal processing (between 700°C and 850°C) using a mixture of sandstone containing glauconite 
and calcium chloride, varying the calcination time between 5 and 180 minutes, particle size from 
300μm to 75μm. Leaching in distilled water was performed at a temperature ranging from 40°C to 
90°C, achieving extractions greater than 90% from 10 minutes of leaching for calcination at 850°C. 
The ratio to reach these extractions was (1.0: 0.5) sandstone and calcium chloride at a calcination 
time of 60 minutes. Aitta et al. (1986) investigated the dissolution of potassium from two types of 
micas: phlogopite and muscovite. Levels of K2O were around 11%. They used previous thermal 
processing with several mixtures of reagents: (mica + gypsum), (mica + gypsum + CaO), (mica + 
CaCl2), (mica + MgSO4), (mica + MgCl2). The calcination time ranged from 0.5h to 2h and the 
temperature from 600°C to 1100°C. Results from less than 0.2mm in particle size produced the best 
results. They concluded that phlogopite potassium is more susceptible to release than muscovite 
potassium. The use of calcium compounds improves the release of potassium compared to 
magnesium. Anions are also important in the displacement of potassium, in which chloride is more 
efficient than sulphate. Maximum extraction values were 69% for muscovite using CaCl2 and 
around 90% for (phlogopite + gypsum + CaO) at 1100°C. The solubilization step was performed in 
water at 70°C for all samples. An extraction with sulfuric acid between 3 and 5% was investigated 
but found gave no better extraction in water. 
Although heat treatment results in low economic viability due to the expensive industrial 
process (Abouzeid, 2008), the large increase in consumption and the cost of producing potassium 
fertilizers justify the studies (Jena et al., 2014). Liang et al (2007) constructed a system consisting 
of (microcline--CaSO4-CaCO3) in the proportion (1: 1: 14) in order to produce K2SO4. Other 
additives were also used, such as CaCl2 and Na2SO4. They have shown that the kinetics of the 
system with Na2SO4 is favorable to promote the release of potassium from the structure of the 
microcline mineral when the system is previously submitted to temperatures ranging from 1050°C 
to 1150°C. They also observed that the mechanism of extraction of potassium at the temperature 
between 950°C and 1050°C is by ion exchange and at 1150°C the mechanism is by adsorption of 
anions (Long-hui et al, 2000). 
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The objective of this work was the study of mica mineral as an alternative source of 
potassium, with a pyrometallurgical and hydrometallurgical approach. More precisely, to evaluate 
the reactivity regarding potassium release from a glauconite-containing rock (Verdete), subject to 
prior thermal processing, with sulfating additives, at two temperatures: 800°C and 900°C. The 
sample was then leached in sulfuric acid solution. The expected final product was a solution 
containing K2SO4. Solubilization of impurities was also studied in this research. 
 
2 MATERIAL AND METHOD  
2.1. CHEMICAL AND MINERAL CHARACTERIZATION  
Scanning Electron Microscopy (JEOL Mark JEOL, Model JSM 35C and X-ray Dispersive 
Energy Spectrometer, NORAN brand, model Voyager 3050) was used to identify the mineral 
phases and their elements. QEMSCAN 650 system, equipped with two EDS (Energy Dispersive X-
ray Detector, EDX or EDS) Bruker SDD (Silicon Drift Detector) 5030 spectrometers, operating at 
25kV and 10nA, using the standard condition for measurements, in calibration of back-scattered 
Electron Detector (BSE) through internal quartz and copper metallic standards. The quantification 
of the mineralogical phases present in all the characterizations of this work was through the modal 
composition. They followed the calculation rules of the CIPW Standard (Lopes, 2012). 
For analysis using ICP/OES, sample preparation followed the following procedures: 
 Lithium metaborate melting: the melting involved a complete dissolution of the 
sample in a molten stream; 
 Optical Emission Spectrometry with Inductively Coupled Plasma Direct Reading - 
ICP / OES: The equipment used in this work was the ICP / OES model Perkin Elmer 
Optima 7300DV. 
 
2.2. THERMAL PROCESSING  
The glauconite used in this study comes from rock (Verdete) containing this mineral that 
occurs in Serra da Saudade, in the region of Cedro de Abaeté - MG - Brazil, diamond mining 
region. 
The thermal processing was performed using the mixture: (rock, CaSO4.2H2O, CaCO3, 
Na2SO4) at the ratio of (1.0: 0.2: 0.3: 0.2). The constituents of the mixtures have the purpose of 
causing changes in the mineral structure which is an important factor for the availability of 
potassium in the soluble form (Teixeira et al., 2015). Gypsum (CaSO4.2H2O) was chosen as a 
sulfate additive because it is a by-product of the fertilizer industry (phosphogypsum) has no 
application for use,and has with the potential to complement a viable technological routes as the 
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one in this study (Aittaet al. 1986, Mazumberet al., 1993, Santos et al., 2015). The CaCO3 was 
chosen because it increases the CaO / SiO2 ratio, making the system more self-fusing and less 
acidic. Sodium sulfate was chosen since it is a sulfating compound which can be recycled (as 
Na2SO4) due to its high solubility in water. 
Several factors are responsible for modifying the reactivity of solids and solid-state 
reactions: temperature, particle size distribution (PSD) of the raw materials, and the effectiveness 
of the mixtures used, which can significantly modify the kinetics of the reaction (Cabrelonet al., 
2007). The reactions in the solid state are usually heterogeneous reactions with slow reaction 
kinetics and as a result a residence time of sufficient was adopted for the 6-hours was used for 
thermal processing. By taking into account the conclusions of the study of Aittaet al (1986) the 
particle size smaller than 0.15 mm  (100%) was adopted for the sample subjected to thermal 
processing. 
 
2.3. HYDROMETALLURGICAL EXTRACTION 
The extraction was carried out in sulfuric acid solution with initial concentration of 20% 
(m/m). There was no acid correction during the 60 minute leach. The temperature was maintained 
at (85±5)°C, with stirring and condenser. The mass percentage of solids in the pulp was 20% and 
the particle size was (100%) smaller than 0.15mm. After leaching, the residue was separated from 
the rich liquor by vacuum filtration, then repulped in water (30% solids) and new filtration was 
applied. At the end, the washed residue was dried in an oven at 120°C for 6h and the mass 
measured. Based on the remaining mass of the various elements in the leach residue, solubilization 
of the potassium and other elements contained in the ore samples was determined. The calculation 
of the extracted potassium was performed through the relation: 
K(%) = Kr/Kt x 100, where Kris the solubilizedK mass and Ktis the mass of Kin the original 
sample. 
 
3 RESULTS AND DISCUSSION  
3.1. MINERAL AND CHEMICAL CHARACTERIZATION  
Table 1 shows the chemical composition of the evaluated Verdete, emphasizing K2O 
concentrations of 12% for glauconite and potassium feldspar. The low contents of Fe2O3 (7%), 
MgO (3%), average content of Al2O3 (15%) and high level of SiO2 (62%) stood out. The elements 
(Mg, Fe, Al, K) are mostly in the crystal structure of glauconite. 
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Table 1: Chemical composition of the rock sample containing glauconite 
 
Compound Al2O3 CaO Fe2O3 K2O MgO Na2O SiO2
% 15.1 <0.03 6.7 11.9 3.0 0.0 62.2
 
 
Figure 1 shows the diffractogram of the crude sample of the Verdete ore. The crystalline 
phases identified were: M - Micas (glauconite, muscovite, illite and biotite, mostly glauconite), O –
Orthoclase (feldspar potassium) and Q - Quartz. Although the predominant phyllosilicate is 
glauconite, there are other minerals in this group that carry potassium. Therefore, in the 
diffractograms, glauconite was identified by M. 
 
Figure1- Diffractogram of the head sample of the glauconite containing inVerdeteore. M-Mica; O – Orthoclase; Q – 
Quartz. 
 
Figure 2 quantifies the major constituent minerals of the samples. Glauconite is the major 
potassium mineral (69%). Other minerals carrying potassium are: potassium feldspar (29%) and 
biotite (2%).  
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Figure2 - Mineralogical composition of glauconite-containing in Verdete. 
 
The images in the SEM (Figure 3) show a predominant matrix of a phyllosilicate of the 
Verdete. 
 
 
Figure3–Images of backscattered electron in glauconite containing in Verdete sample in SEM showing the 
predominance of a phyllosilicate matrix 
 
3.2. THERMAL PROCESS  
Temperature was chosen based on simulations of equilibrium phases considering the input 
components. The simulations were carried out in the FactSageEquilib module application. For the 
system (rock-gypsum-CaCO3-Na2SO4), the phases likely to be formed are found in Table 2. The 
temperatures of 800°C and 900°C were chosen was as a function of the formation of the compound 
K3Na (SO4)2 (aphthitalite ), soluble in water. 
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Table 2–Phases in the system (rock-gypsum-CaCO3-Na2SO4). 
Temperature (oC) 800 850 900 950 1000
CO2 G G G G G
H2O G G G G G
Na2SO4 S S L L L
K3Na(SO4)2 S S  -  -  -
CaSO4 S S S  -  -
Mg2SiO4 S S S S S
MgAl2O4 S S S S S
KAlSi2O6 S S S S S
CaOMgOSiO2 S S S S S
K2Ca2(SO4)3  -  - S S S
MgOCa2O2Si2O4  -  -  - S S
 
 
Figure 4 shows SEM (Scanning Electron Microscope) image of the sample treated at 900°C. 
They are small crystals rich in K (EDS analysis) on the edge of glauconite. The formation of these 
crystals shows the effectiveness of the reaction, with release and concentration of potassium in the 
form of small crystals dispersed in the altered rock matrix. 
 
Figure 4–SEM (Scanning Electron Microscope) image of a sample processed at 900°C, with the addition of sulphating 
additives, show small crystals rich in K (EDS analysis) at the glauconite edge. 
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3.3. HYDROMETALLURGICAL EXTRACTION 
The calcined mass was leached following the parameters mentioned in the methodology. 
The final pH of the leaching was 1.5 at 25°C. The results are shown in Figure 5. The higher the 
temperature in the thermal processing, the greater the potassium extraction. For thermal processing 
at 800°C, the extracted potassium was only 11%, close to the release of potassium from the rock 
without thermal processing which is about 10% in hot water (90°C). At 900°C, potassium content 
is increased to 40%. The extraction values had a strong dependence on the thermal processing 
temperature with sulfating additives. 
 
 
Figure5–Potassium extraction in 20%H2SO4for thermally processed mixture: 800°C &900°C 
 
The values for the 800°C and at 900°C conversionsare in Figure 6. The values are relatively 
high (close to 40%) and the disadvantage in the process of purification and separation of potassium 
must be evaluated. 
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Figure6–Al, Fe, Mg leaching of thermally processed mixtures (800°C &900°C) of glauconite containing in Verdete. 
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4 CONCLUSIONS  
This study showed that the thermal processing applied to the Verdete containing glauconite 
with sulfating additives had the potential to release the potassium in a sulfuric acid solution. In 
relation to the thermal processing at 800°C, the extracted potassium was only 11%, close to the 
release of the rock without processing which is about 10% in hot water (90°C). At 900°C, 
potassium increased to 40%. The extraction values were strongly dependenton the thermal 
processing temperature with sulfating additives. Another evidence of potential for potassium 
release by this route was the formation of small K2SO4crystals at the edge of the glauconite, 
dispersed in the rock matrix. This was anevidence of the displacement of the potassium in the 
crystalline structure of mica. The addition of sodium sulfate in the rock + gypsum + CaCO3 mixture 
favored the release of potassium at lower temperatures (900°C) than those reported in the literature 
(> 1000°C). On the other hand, all the sodium is leached and incorporated into the solution loaded 
with potassium. In the hydrometallurgical stage, the leaching main elements of impurities (Al, Fe, 
Mg) were very close (30% to 40%). While the potassium extraction indicated to be very 
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temperature dependent, the impurities did not show such strong correlation, showing 
differentmechanisms of release for potassium (diffusion and chemical) and for impurities 
(preferably by diffusion). 
REFERENCES 
Abouzeid, A.M. Physical and thermal treatment of phosphate ores — An overview. 
InternationalJournalof Mineral Processing. v.85, n.4, p.59-84. 2008. 
Aguiar. A.P., Horn, A.H, Alexandre Sylvio Vieira da Costa, A.S.V., Leal, J.M., Alves, G.P.P. 
Estudo da viabilidade em solos agrícolas do uso da biotita-anfibolito/xisto contido nos rejeitos 
gerados pelos garimpos da província esmeraldífera de Nova Era – MG. Geonomos, v.20, n.1, p.76-
80, 2012. 
Aitta, E., Leskela, M., Lajunen, L.H.J., Jyrkas, K., Seppala, E. Thermal Treatment of Phlogopite 
and Muscovite with Calcium and Magnesium Compounds. JournalofChemical Technology 
andBiotechnology, v.36, p.169-177, 1986. 
Cabrelon, M. D., Zauberas, R. T., Boschi, A. O. Influência da temperatura e do método de mistura 
na formação do ZrSiO4 via reação em estado sólido. Cerâmica, v.53, p.83-88, 2007. 
Candia, M. A. F. &Girardi, V. A. V. Aspectos metamórficos da formação Lafaiete em Morro da 
Mina, distrito de Lafaiete, MG. Boletim IG, Instituto de Geociências USP, v.10, p.19-30, 1979. 
Coelho, A. M. O potássio na cultura do milho. In: SIMPÓSIO SOBRE POTÁSSIO NA 
AGRICULTURA BRASILEIRA, 2., 2004, São Pedro. Anais Piracicaba: Instituto da Potassa e 
Fosfato, Cap. 22, 2005 
FAQUIN, V. Efeito do tratamento térmico do sienitonefelínico adicionado de calcário dolomítico, 
na disponibilidade de potássio ao milho (Zeamays L.), em casa de vegetação. Dissertação 
(Mestrado) - Escola Superior de Agricultura Luiz de Queiroz, Piracicaba-SP. 1982. 115p.  
França, S.C.A., Luz, A.B., Santos, J.S. e Borges, R.S., Estudo da aplicação de resíduos de 
vermiculita como fertilizante alternativo de potássio. Anais do II Simpósio de Minerais Industriais 
do Nordeste, p.125-131, Campina Grande-PB, 2010. 
Jena, S.K., Dhawan, N., Rao, D.S., Misra, P.K., Mishra, B.K., Das, B. Studies on extraction of 
potassium values from nepheline syenite. InternationalJournalof Mineral Processing. v.133, p.13–
22. 2014. 
Brazilian Applied Science Review 
 
Braz. Ap. Sci. Rev.,Curitiba, v.3, n. 2, p. 1455-1467, mar./abr. 2019.                       ISSN 2595-3621 
1466  
Leite, P. C.; Lopes, A.S. Efeitos de tratamentos térmicos e misturas de rocha potássica (Verdete de 
Abaete), fosfato de Araxá e calcário magnesiano, na disponibilidade de potássio e fósforo. In: 
CONGRESSO BRASILEIRO DE CIENCIA DO SOLO, 20, 1985, Belem. Anais... Campinas: 
Sociedade Brasileira de Ciência do Solo, 1985. 
Liang,K, Lin,S, Ding-sheng,C. Experimental Research on Additive in Extraction of K from 
Microcline-CaSO4-CaCO3 System. Non-Metallic Mines, 2007-05. 
Lobato, E. A. Mineração Brasileira: Perfil da Mica. Ministério de Minas e Energia-MME, 
Secretaria de Geologia, Mineração e Transformação Mineral-SGM. RelatórioTécnico 51, 2009. 
Long-hui,Q, Li-sheng,W, Zuo-mei,J. Experimental Kinetics on the Thermal Dissociation Process of 
Microcline, Gypsum and Calcium Carbonate. 
JournalofChemicalEngineeringofChineseUniversities, 2000-03. 
Lopes, A.S.; Freire, J.C.; Aquino, L.H.; Felipe, M.P. Contribuição ao estudo da rocha potássica - 
Verdete de Abaeté (Glauconita) para fins agrícolas. Agros, v.2, p.32-42. 1972.  
Lopes, C.L. Composições Mineralógicas Virtuais em Rochas Ígneas. Universidade de Évora. 2012. 
30p. 
Mangrich,A,  Tessaro,L, Dos Anjos,A, Wypych,F, Soares,J. A slow-release K+ fertilizer from 
residues of the Brazilian oil-shale industry: synthesis of kalsilite-type structures. Environmental 
geology, v.40, n.8, p.1030-1036, 2001. 
Mazumder, A.K., Sharma, T., Rao, T.C. Extraction of potassium from glauconitic sandstone by the 
roast-leach method. International Journal of Mineral Processing, v.38, p.111–123, 1993. 
Moore, W.J &Czamanske, G.K. Compositions of biotites from unaltered and altered monzonitic 
rocks in the Bingham Mining District, Utah. Economic Geology, v.68, p.269-274, 1973. 
Olarewaju, A.O, Ayodele, B.E, Gbenga, B.S. Geometallurgical Evaluation of ItapaEkiti 
Feldspathic-Biotite Ore Deposit for Effective Processing and Extraction. International Journal of 
Mining Engineering and Mineral Processing, v.4, n.1, p.1-7, 2015. 
Oliveira, S.F. Cunha, A.L.C, Mendes V.A. Contexto geológico e estrutural da formação Seridó, nas 
pedreiras do “preto matriz”, município de Currais Novos/RN– província Borborema. Revista 
Brasileira de Mineração e Meio Ambiente, v.3, n.1, p.32-40, 2013. 
Brazilian Applied Science Review 
 
Braz. Ap. Sci. Rev.,Curitiba, v.3, n. 2, p. 1455-1467, mar./abr. 2019.                       ISSN 2595-3621 
1467  
OrioliJr,V, Coutinho,ELM. “EffectivinessofFusedMagnesiumPotassiumPhosphate for Marandu 
Grass”, Revista Brasileira de Ciência do Solo, v.33, p.1855-1862, 2009. 
Parak, T. Kiruna iron ores are not "intrusive-magmatic ores of the Kiruna type". EconomicGeology, 
v.70, p.1242-1258, 1975. 
Rosière, C.A. &Chemale Jr, F., Itabiritos e minérios de ferro de alto teor do quadrilátero ferrífero – 
uma visão geral e discussão. Geonomos, v.8, n.2, p-27-43, 2000. 
Santos, W.O.; Mattiello, E.M.; Costa, L.M.; Abrahão, W.A.P.; Novais, R.F.; Cantarutti, R.B. 
Thermalandchemicalsolubilizationof Verdete for use as potassiumfertilizer. International Journal 
of Mineral Processing, v.140, p.72-78, 2015. 
Tanner JR., J. T., "Mica", Industrial Minerals and Rocks, 6ª edição, Ed. Donald D. Carr, 1994.  
Taner, M.F., Trudel, P., Perrault, G. Geoghimie de la biotite associée à certainsgisementsd’or de 
Val d’or, Malartic et Chibougamau, Québec. CanadianMineralogist, v.24, p.761-774, 1986. 
Teixeira, A.M.S.; Garrido, F.M.S.; Medeiros, M.E.; Sampaio, J.A. Estudo do comportamento 
térmico da rocha fonolito com fins à produção de fertilizantes. Holos, v.5, 2015. 
Tokunaga, Y. Potassiumsilicate: a slow-release potassiumfertilizer. KaihatsuHiryo Co.2-1-13. 
1991. 
Vallareli. J.V. Ardósias Verdete de Cedro do Abaeté na Produção de Termofosfato Potássico 
Fundido e sua Eficiência Agronômica. Anais da Academia Brasileira de Ciências, v. 31, p. 363-
375, 1993. 
 
